This study was carried out with the aim of evaluating the spatial variation of the water quality in the Itajaí-Açú Riv estuary. Seven stations along the estuary were monitored on a weekly basis, from October 2003 to December 200 plus two stations in tributaries (Itajaí-Mirim River, the main tributary, and one reference station). This monitorin included measurements of salinity, pH, dissolved oxygen, temperature, nutrients (NH Biochemical Oxygen Demand (BOD), total phosphorous and dissolved organic phosphorus (TP and DOP), particula organic carbon (POC), suspended particulate matter (SPM) and chlorophyll-a (Cla). Multivariate analyses demo strated the compartmentalization of the system based on the deterioration in water quality and marine influence. Urba development was the main factor responsible for the spatial variation of the monitored variables, resulting in increas in the indicators for organic matter and a progressive decrease in O 2 . Despite the effect of dilution by marine influenc there was an increase in ammonium, attributed to the influence of the municipal districts of Itajaí and Navegantes, clo to the river mouth.
INTRODUCTION
Estuaries are defined as restricted bodies of water in which the seawater is diluted, in a measurable way, by the fresh water (Pritchard 1967) . These environments are generally located in places with high population densities and, as a result, they have been extensively exploited and destroyed, although they still remain one of the most resilient environments on Earth (Elliot and well as the biota itself, are transported from th water to the salt water over relatively short distan
The metabolism of an estuarine system is influenced by the entry of nutrients and organic to which it is submitted. The supply of the comp to the estuaries has increased in recent decades changes in land use and occupation (Revilla et al. and, in particular, because estuaries act as recep domestic and industrial wastewater, often witho
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JURANDIR PEREIRA-FILHO et al. (Diaz 2001 , Rowe 2001 as the result of the high O 2 consumption to oxidize the surplus of organic matter. The coastal systems are densely populated areas in general and receive the influence directly from human activities that originate in the drainage basins (C.H.A. Ribeiro, unpublished data). The environmental impact of this influence depends on the type and amount of present substances, which are related to the type of activity of the drainage basin. Regions with high population densities are continually throwing organic matter and nutrients into their water bodies. Industrial regions throw heavy metals, hydrocarbons and organic matter on them. Agricultural activity has contributed to the entry of many compounds to the water bodies with fertilizers (rich in nutrients), pesticides and herbicides (C.H.A. Ribeiro, unpublished data) .
In this context, the aim of this study is to determine how the water quality is modified along the Itajaí-Açú River estuary from its source, where there is no tidal influence, to its mouth, around 90 km downstream, associating this variation with the main activities carried out in its drainage basin.
AREA OF STUDY
The Itajaí-Açú River estuary is located in the South Brazil, 26.9 • S and 48.66 • W, in the State of Santa Catarina. Its hydrographic basin comprises an area of about 15,500 km 2 , which is close to 16% of the state area. The climate of the region, according to Köpen's classification, is humid subtropical without hydric deficit and with well-distributed rainfall throughout the year (Cfa). The average temperature in the region is higher than 18 • C, with annual average rainfall and evapotranspiration of about 1400 mm and 1080 mm, respectively (Gaplan 1986 ).
The Itajaí-Açú River represents about 90% of the fluvial inflow to the estuary, with the remainder being attributed to smaller affluents such as the Luiz Alves and Itajaí Mirim Rivers. The average long-term discharge of the Itajaí-Açú River, which measured about 90 km upstream from the river mouth, is near 228 m 3 .s −1 , with 3 −1 portion of the lower estuary is continually dredged to maintain the navigation channel and the access to the port. The port region is of great economic importance and is the main shipping route in the state. It also has the largest fishing port in the country (Schettini 2002a) . Due to the occupation of its drainage basin, the main polluting agents of the river are sanitary waste, solid garbage and the throwing of industrial wastewater, particularly from the textile, metallurgy and galvanoplastic industries.
MATERIALS AND METHODS

LAND USE
To assist in the characterization and interpretation of the results, maps of land use were used, for the final portion of the basin from the town of Indaial, which is considered by this study as the point of entry to the system. The characterization of land use was based on topographical maps of the IBGE of 2004 (scale 1:50.000) and Landsat satellite's images from 2002 in the composition RGB-453. The study area was divided into sub-units (Fig. 3) , which represent areas of contribution or direct influence on the different collection stations (#1, #2, #3, #5, #6, #7, #8 and #9) and are termed the area of contribution (AC) (Rörig 2005).
SAMPLING
The sampling campaigns were carried out on a weekly basis between October 2003 and December 2004. Nine collection stations were monitored from the town of Indaial to the river mouth, in Itajaí, with the two points being around 90 km apart (Fig. 1) . The town of Indaial is the closest station to the mouth that is not influenced by the tide, and where daily measurements of fluvial discharges of the Itajaí-Açú River are taken. Among the 9 stations, 7 are situated in the main course of the Itajaí-Açú River (#1, #2, #3, #5, #6, #7, #9). In addition, two other stations were monitored: one located where there is little impact from the drainage basin (#0), and another situated in the Itajaí-Mirim River, which is the
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plan also included a station 4 located in a tributary of the Itajaí-Açú River, but it was not sampled during the monitoring, which explains its absence in the sequence of sample stations.
ANALYTICAL METHODS
At the time of sampling, salinity, temperature, pH and dissolved oxygen were determined, using a Horiba U-10 multianalyzer. In the laboratory, the samples were filtered in precalcinated Whatmann GF/F fiberglass filters (approximate porosity of 0.7 μm). The filtered material was separated into aliquots and frozen for subsequent determination of the nutrients through the traditional colorimetric methods. After drying in an oven (65 • C), the filters were frozen for subsequent determination of the particulate organic carbon (POC). Fractions of the raw, filtered samples were digested by the potassium persulfate autoclave method to determine the total organic phosphorus (TOP) and total dissolved phosphorous (TDP), according to Grasshoff et al. (1983) . Aliquots of the raw samples were incubated at 20 • C to determine the BOD 5 , according to APHA-AWWA-WPCF (1998). The dissolved nutrients (NH and H 4 SiO 4 ) were determined for the filtered sample using the traditional colorimetric methods, based on Strickland and Parsons (1972) . The ammonium was determined using the indophenol blue method. The nitrite and nitrate were determined using the Griess reaction after reducing the nitrate to nitrite in a cadmium column prior to determination. The phosphate was determined after the addition of ammonium molybdate and ascorbic acid. The silicon was determined after the formation of a reduced silicomolybdate blue complex. All of them were read in a UV 160 A Shimadzu UV-V spectrophotometer.
To determine the SPM, aliquots of known volumes of water samples were filtered in pre-weighted filters of cellulose ester membrane with porosity of 0.45 μm. After filtering, the filters were dried in an oven at 60 • C for 24 hours, and weighed again. The SPM was obtained The BOD 5 was determined for the raw water according to the method adapted from APHA-AWWA-WPCF (1998). The particulate organic carbon was determined for the material trapped in the filters (Whatman GF/F, porosity of 0.7 μm). At the time of determination, the filters were digested with sulfuric acid and excess of potassium dichromate. After digestion, the excess of dichromate was tritiated against an ammonium iron sulphate solution, according to Carmouze (1994) .
The total and dissolved phosphorus was determined from aliquots of the raw and filtered sample, to obtain the total phosphorous (TP) and dissolved phosphorous (DP). The samples were digested by the potassium persulfate autoclave method at 120 • C for 45 minutes. After digestion, the phosphate was determined colorimetrically as orthophosphate after reacting with ammonium molybdate according to Carmouze (1994) . The dissolved organic phosphorous (DOP) was determined by the difference between the dissolved phosphorous (determined in the filtered sample after digestion) and the phosphate ions.
To determine the chlorophyll-a, aliquots of a known volume of samples were filtered in a GF/F fiberglass filter with a 25 mm diameter and the filters were extracted with 10 mL of 90% acetone (v/v) for 24 hours in darkness, inside the freezer (-15 • C) (Parsons et al. 1989) . The extracted samples were read in a Turner Designs TD-700 fluorometer. For its calibration, a Skeletonema costatum microalgae culture was used in exponential growth.
STATISTICAL ANALYSIS
Due to the large amount of obtained data obtained, and to assist in their interpretation, the data were analyzed through 2 multivariate techniques: Cluster analysis and the technique of ordering through principal components analysis (PCA). The analyses were carried out on the standardized data matrix by the average and standard deviation according to Clarke and Warwick (2001) . The analyses were initially carried out considering all the stations sampled in the 56 campaigns, including all 
RESULTS
LAND USE
The estuary of the Itajaí-Açú River is situated in the final portion of the Itajaí River basin. This region includes the towns of Indaial, Blumenau, Gaspar, Ilhota, Luis Alves, Itajaí and Navegantes (Table II) . The area of study was classified based on land use and occupation, considering 6 classes of land use: native forest, urban is equivalent to 16% of the Itajaí River basin. T tal consists of: 60,5% native forest, 7,6% urba 26,6% areas with creeping vegetation (mainly a ture), 1,4% exposed soil, 2,1% areas of refores and 0,7% water courses. The values for the ar each class of land use considered in each area o tribution are shown in Table III . Urban development and agriculture are two of land use in each area of contribution that pote exert a greater influence over the quality of water system. Concerning the urban development, it is mentioning that the area found in AC 2 and 3 whi responds to the town of Blumenau, and those l in AC 7 and 9 to the towns of Itajaí and Nave Regarding the agriculture, although no specific c cation has been done for this use, it is within the re ground vegetation, which is found mainly on the of the Itajaí River estuary. The main agricultural a practiced in the region is irrigated rice farming 2005), which occurs on the coastal plain of the Basin, in the region of Gaspar, Ilhota and Itajaí, w the area of this study (Table II) .
RIVER DISCHARGE
The river discharge in Indaial (station #1 of the toring) presented an average of 204,2 m 3 /s, vary tween 48,5 and 1938 m 3 /s in the monitored perio spite the high variability most of the time, the dis was low (mode = 83,4), with sporadic peaks of hi charge. This was the case of December 2003 an September and October 2004. These peaks of hi charge were interspersed by prolonged periods discharge. Table IV shows a summary of the average resu tained at the sampling stations during the studi riod. The spatial variability of the salinity reflec marine influence in the estuary. The stations tha directly subject to the marine influence (#7 and # sented average salinity ranging from 0 to 16, with
PHYSICAL-CHEMICAL VARIABLES
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JURANDIR PEREIRA-FILHO et al. lower temperatures. The greatest ranges were recorded for station #0, in Indaial, due to the shallow depth of the Warnow River (Fig. 2B) .
The pH throughout the estuary presented an overall average of 6,7, with minimum and maximum specific values of 4,5 and 7,9, respectively. In general, the pH was lower in stations #3 and #5. On the other hand, an an overall average of 6,2 mg/l, ranging from 2,1 to 12,3 mg/l. In general, the concentrations tended to decrease from stations #1 up to station #9, which reflects the decrease in water quality toward the mouth of the estuary (Fig. 2D) . The highest values were recorded in station #0, the reference station of the study, which is located outside the main course of the Itajaí River. On 
Dissolved Inorganic Nitrogen (DIN)
The dissolved inorganic nitrogen (DIN), which means the sum of ammoniac nitrogen (N-NH (Fig. 3A) in the stations influenced by the seawater (#7 and #9). Compared with station #0, the other stations presented much higher concentrations of NO − 3 (Fig. 3A) .
The NO − 2 was the nitrogenated nutrient that presented the lowest concentrations, varying between 0,1 − The NH + 4 presented concentrations rangin 1,3 to 99,8 μM in the estuary. The highest con tions were recorded in stations #1 and #2 in a s situation in July 2004. However, the general va trend in NH + 4 was to increase spatially after the t Blumenau (stations #2 and #3) and close to the (Fig. 3C ).
Phosphate and silicate
The dissolved inorganic phosphorous, which is sented by the phosphate ions (PO 3− 4 ), ranged fr to 6,2 μM. The general variation trend in PO 3− 4 s a decrease in the stations close to the mouth, whi fered a mixture of seawater, as in stations #7 (Fig. 4A) .
The origin of the dissolved silicon, normall 970 JURANDIR PEREIRA-FILHO et al. standard of spatial variation of Si was observed, and the average concentrations were similar among the stations (Fig. 4B) . However, all the stations presented much higher Si concentrations than those of the reference station (#0) (Fig. 4B) . Although the spatial vari- 
Particulate Organic Carbon (POC)
The particulate organic carbon (POC) presented average concentrations ranging from 107 to 222 μM throughout the Itajaí estuary (Fig. 5B) . No clear standard of spatial variation was observed, as demonstrated by the variation in averages for each station.
Phosphorous
The total phosphorous (TP) corresponds to all the forms of phosphorous that are present in the water, including the organic and inorganic forms, both particulate and dissolved. The TP presented an overall average of 6,2 μM, varying from 0,3 to 45,5 μM throughout the The dissolved organic phosphorous (DOP), m up around 17% of the TP, presented an average c tration of 1,1 μM, ranging from values close to 8,4 μM. The standard variation in DOP was sim the variation in TP, temporally and spatially.
Biochemical Oxygen Demand (BOD)
The biochemical oxygen demand (BOD) is a variab indicates the concentration of organic matter in a systems. In the sampled period, the BOD was tored between April and December 2004. In this the BOD presented an overall average of 1,9 mg/
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CHLOROPHYLL-A
Chlorophyll-a presented low values throughout the estuary, for most of the study period, with measurements ranging from < 0,1 and 16,5 μg/l and an overage average of 1,7 μg/l, but generally below 2,0 μg/l (Fig. 5E ). For the stations situated close to the mouth of the estuary, the chlorophyll-a presented more significant concentrations in some stations. The highest of these occurred at the beginning of September, when the chlorophyll reached 16,5 μg/l. These low concentrations are the result of the high turbidity in the estuary, which results in low light intensity throughout the water column.
DATA ANALYSIS
Cluster analysis
The analysis shown in the form of a dendrogram (Fig.  6 ) resulted in the Cluster of sampling stations, which demonstrated similar behavior for the monitored variables. These Clustered stations were, therefore, treated identified; the first one consisted of stations #1, #2, #3, #5 and #6 and the second, stations #7, #7F, #8, #9 and #9F (Fig. 6) .
The first-formed Cluster corresponded to the fluvial portion of the system and was divided into 2 subgroups, one including stations #1 and #2 and the other, stations #3, #5 and #6 (Fig. 6 ). The first subgroup, which included the stations further upstream from the system, corresponded to the compartment termed here as the Fluvial Extremity. The second subgroup, which included #3, #5 and #6, was called the Upper Estuary compartment.
The second major group included the stations further downstream from the system, which are influenced by the effect of salinity. Within this group, station #8 was clearly isolated from the others in that it represented the Itajaí-Mirim River, which is a tributary of the Itajaí River and was called the Itajaí-Mirim compartment. Station #9F was isolated from the others, which corresponds to bottom samples of the estuarine extremity of the system that are heavily influenced by the seawater.
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partments. Finally, the subgroup comprised of stations #7 and #7F was termed the Middle Estuary compartment. The subgroups formed by the cluster analysis are shown in Table V Table IV .
Ordering analysis
The principal components analysis (PCA) was applied to the same data matrix as that used in the cluster analysis. The factoral axes were calculated based on Pearson's r correlation matrix among the variables. The first two factoral axes of the ordering were interpreted, which explains 77% of the total variance of the data. The plane formed by factorial axes 1 and 2 showing the ordering of the variables is shown in Figure 7 (mode R). The ordering of the samples (mode Q) is shown in Figure 8 .
• Axis 1
The first component was formed by the positive coordinates of the variables dissolved oxygen (in concentration and saturation) and pH. At the negative extremity, there are the variables TDP, TOP and TP, temperature, SPM, NH + 4 , NO + 2 , BOD, POC and Si. The distribution of the samples along axis 1 corroborated the result of the cluster analysis, which discriminates station #0 at the positive extremity of the axis from the others. Stations #1, #2 and #9F were also at the positive end, but closer to the center. Station #8 was at the negative end, located in the Itajaí-Mirim River, together with stations #3, #5, #6, #7 and #7F, which were also at the negative end, close to the center. This first axis shows the main difference in characteristics of station #0 in relation to the other collection stations of the study. It also reflects the variation in water quality throughout the estuary, with station #0 being presented by the high levels of dissolved oxygen and the lower values for organic matter (TOP, BOD, POC), particulate matter (SPM, TP) and nutrients and lower
• Axis 2
The second axis was positively linked to salinity, pH, chlorophyll, nitrite, ammonium and N:P ratio. Dissolved oxygen, phosphate, nitrate and Si were at the negative extremity.
Concerning the collection stations, the structure seen in the cluster analysis once again repeated itself, with the stations at the fluvial extremity of the Itajaí River (#1 and #2) and Upper Estuary (#3, #5 e #6) being at the negative side of the axis. The stations of the Middle Estuary (station #7 and #7F), Itajaí-Mirim (station #8) and Lower Estuary were on the positive side. The axis is, therefore, reflected in the gradual influence of salinity the closer the stations were to the mouth of the estuary, with an increase in salinity, pH and chlorophyll-a, and a decrease in Si, nitrate and phosphate. By contrast, the ammonium and nitrate tended to increase in the Lower Estuary and Itajaí Mirim River, remaining on the positive side of the axis.
DISCUSSION
The influence of the seawater on the distribution of nutrients and organic matter in estuarine and coastal systems generally results in a decrease in the concentrations of these compounds as the salinity increases (Gago et al. 2005 , Pereira Filho et al. 2001 , 2002 , Schettini et al. 2000 , Cabeçadas et al. 1999 , Morris et al. 1995 . This decrease may be conservative due to the dilution (when it occurs in a form that is linearly proportional to the increase in salinity), or non-conservative (when the decrease does not linearly follow the increase in salinity). The standard of variation occurs because the origin of these compounds, whether natural or anthropogenic, is generally associated with the drainage basin. However, this standard can be modified if there is significant anthropogenic inflow throughout the salinity gradient due to activities carried out in the in the surrondings of the water body. The non-passive use of the land (agriculture, urbanization) in the areas near the water bodies results in increases in the entry of particulate and dissolved matter studied area is still native forest, it is concentrated mainly in the higher regions of the basin. The main activities of anthropogenic influence and with greatest potential impact, such as urban development and agriculture, are concentrated mainly on the banks of Itajaí River and estuary. The urban areas include the regions of Blumenau and Gaspar, in the region of the Upper Estuary and Itajaí and Navegantes, at the river mouth (Fig. 1) .
The standard of spatial variation for the variables, which are indicative of water quality, reflected the influence of the activities carried out in the surroundigs, in particular urban development, as well as the marine influence at the estuarine extremity of the system. The Itajaí estuary is a stratified system of saline intrusion type (Schettini et al. 1996) , such that seawater penetrates from the bottom and forms the saline intrusion. During the period of the study, the direct influence of seawater was observed up to station #7, about 17 km the mouth. In the following station (station #6), l 36 km from the mouth, no influence of salinity w served, with the presence of freshwater through study ( Fig. 2A) . Thus, an initial distinction can b for the studied system, with stations #0, #1, # #5 and #6 presenting only river water, and stati and #9 suffering from the effect of the mixture water and freshwater. It is important to emphasi the stations #1, #2, #3, #5, #6, #7 and #9 were l along the main flow of the estuary. Station #0 i vial station sampled only as a reference station, means a blank point, as it evaluates the quality water in a site that suffers little impact. Stat is located in the Itajaí Mirim River, which is th tributary of the estuary and flows out into the mai between stations #7 and #9 (Fig. 1) . In gener nutrient concentrations in this paper are in the of another subtropical estuarine systems in the
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TABLE V
Main characteristics of the individual compartments by cluster analysis, and the stations included in each compartment.
Sampling stations Names Characteristics
Blank Point #0
• High levels of dissolved oxygen.
• Low concentrations of nutrients, organic matter, SPM and Chlorophyll-a Riverine #1 and #2
• Low pH and Chlorophyll-a. Extremity
• High concentrations of nitrate, Higher Estuary #3, #5 and #6 phosphate, silicate and SPM. Middle Estuary #7 and #7F
• Influence of salinity.
• High pH. Lower Estuary #9
• High concentrations of -Surface chlorophyll-a, ammonium Lower Estuary #9F and nitrite. -Botom
• Low concentrations of Itajaí-Mirim River #8 dissolved oxygen. salinity (#7, #8 and #9). The river stations were marked by high concentrations of nitrate and phosphate (Figs. 3A and 4A) . Considering the river environment, stations #1 and #2, which correspond to the extremity of the system (the towns of Indaial and Blumenau), were separated from stations #3, #5 and #6 (the towns of Blumenau, Gaspar and Ilhota). The urban center of Blumenau is among these compartments, which is cut through by the Itajaí River. This separation, therefore, reflects the influence of the town of Blumenau on the chemical composition of the water. In this section of the river, increases were observed in concentrations of organic matter, which were indicated by the POC and BOD (Figs. 5B and D) and ammonium and phosphate (Figs. 3C and 4A) , with all of them indicating the recent entry of wastewater. The town of Blumeanu is one of the most important and populous towns in Santa Catarina and, like almost all the state, does not have a system for collecting and treating domestic waste. This increase in the indicators for organic matter, ammonium and phosphate reflects this precarious situation. Besides the influence of wastewater, the surface flow of urban areas also shows a correlation between the deterioration of the water quality of the rivers and estuaries (Jeng et al. 2005 , Crabill et al. 1999 . A gradual decrease in dissolved oxygen was also observed (Fig. 2D ) from station #3 up to the mouth of the estuary, which indicates an increase in its consumption to oxidize the organic matter.
The following group, which is comprised of stations #3, #5 and #6, was called the Upper Estuary and corresponds to the portion of estuary that is not directly influenced by salinity, but is subject to the variation of water level due to the tidal wave. Besides the municipal district of Blumenau, this compartment also includes the municipal districts of Gaspar and Ilhota. In both, agriculture extends over a large area, particularly over the area covered by irrigated rice farming along the banks of the estuary and to the rural part of the municipal district of Itajaí. This region is marked by the almost complete absence of shoreline fringe forest in practically the entire area (Rörig 2005), which, together with the agriculsuffers the influence of salinity, which corresponds to the Middle and Lower Estuary of the Itajaí and Itajaí-Mirim Rivers, respectively (Fig. 6 ). This region was marked by the decrease in phosphate (Fig. 4A ) and nitrate (Fig. 3A) , and an increase in ammonium (Fig. 3C ) and nitrite (Fig. 3B ). This standard variation is associated with the combined effect of the increased influence of the seawater close to the mouth, and the passage of the estuary trough the towns of Itajaí and Navegantes. An increase in chlorophyll-a was also observed in station #9, which corresponds to the mouth of the estuary (Fig. 5E ) and is the only station that presented significant values for this variable. The increase in salinity reflects the increase in the influence of seawater on the system as a result of saline intrusion. As the seawater represents low concentrations of nutrients and organic matter compared with the fresh water, it causes the concentrations of these substances to become diluted. Thus, with the increase in salinity, a decrease in the concentrations of these substances would be expected. This fact ocurred for the nitrate and phosphate. Nitrate represents the more oxidized form of dissolved inorganic nitrogen (DIN). It is formed by the oxidation of ammonium into nitrite and, finally, nitrate through nitrification (Wada and Hattori 2000) . Its presence in the water is an indication of a non-recent entry to the system, and is probably associated with the continental drainage and the effect of diffuse entries through surface drainage. Its decrease at the extremity of the estuary can, therefore, be explained by the dilution by the seawater.
The origin of the phosphorus is related to the hardening of the Earth's crust, and is transported in particulate and dissolved forms by the waters of the river (Aston 1980) . It may also come from the entry of domestic sewage and industrial wastewater, and from its use in agriculture. The increase in anthropogenic entries of phosphorous generally results in an increase in phosphate, which is the dissolved inorganic fraction, (Meybeck 1982) . However, these increases may be hidden by the interaction of phosphate with particulate matter due to the absorption trend of the phosphate, which is a mechanism that "buffers" the phosphate concentrations plankton assimilation, which results in reduced concentrations of phosphate when the chlorophyll-a concentrations are high (Lebo and Sharp 1993) . The decrease in phosphate in the Middle and Lower Estuary is, therefore, related to the combined effect of the dilution caused by the entry of coastal water to the estuary. The latter is associated with the effect of the phytoplankton assimilation in the Lower Estuary, which is the only region that has significant values of chlorophyll-a. Data on primary productivity of the Lower Estuary suggest that the phosphate acts as a limiting factor on the biological production in the limit region of the estuarine plume and coastal region in situations of lower river discharge (Pereira Filho et al. 2009 ).
Despite the decrease in nitrate and phosphate, ammonium and nitrite present an increase in the area surrounding the mouth of the estuary, as reported in a previous study (Pereira Filho et al. 2003) . This increase reflects the influence of the passage of Itajaí Mirim River, by the municipal districts of Itajaí and Navegantes on the chemical composition of the estuarine water. Together, the population of both towns is over 200.000 inhabitants. None of them has a system of collection and treatment of domestic waste, which results in high levels of ammonium in the system. The towns of Itajaí and Navegantes also have the largest fishing port in Brazil (Gep 2001) . A significant amount of the fish is processed by the some plants that are spread along the banks of the estuary, which totals about 66 registered plants in the region (Gep 2001) . The fish processing results in the release of wastewater that typically contains high concentrations of N, particularly in the form of ammonium (Unep 2001), as well as phosphorous and other organic compounds. Thus, the effect of the entry of seawater in the estuary, which tends to reduce the ammonium concentrations by dilution, is insufficient to reduce the concentrations of this nutrient in the system, which suggests that the levels of ammonium and/or organic matter transported into the system is very high. The increase in nitrite is constant with the increase in ammonium, which results in nitrification in the estuary. The variation in the different forms of DIN resulted in havior. Given that its origin is related to the h ing of the Earth's crust, Si generally presents a va related to the increase in the level of exposure soil. However, its distribution did not demonstra relation by evaluating the averages for each statio 4B). The average concentrations of Si were rel constant throughout the estuary, despite the incr agriculture activity in the region surrounding s #5, #6 and #7.
The Itajaí-Mirim River (station #8) should highlighted. Its confluence with the estuary is l close to the river mouth (Fig. 1) . This river pre the most altered chemical conditions of all the eva stations, as shown by the higher concentrations trite, ammonium, SPM, total and organic phosph and BOD (Figs. 3, 4 and 5). This tributary can b sidered another source of negative influence on th quality of the Itajaí River estuary. These changes characteristics of the Itajaí Mirim River are rel the fact that it receives all the influence from th of Brusque, which is another important urban ce the state, and also because it receives the drainage from extensive farming areas.
This variation trend was corroborated by th lysis of principal components carried out on the a spatial data. The distribution of the variables alo first axis (Fig. 7) showed the association among that indicate the presence of organic and part matter (TOP, DOP, TP, POC, SPM and BOD) a positioned at the negative extremity of the axis nutrients were also positioned on the negative si contrast, dissolved oxygen and pH were at the p extremity of the estuary . This first axis, therefo flected the variation in the quality of the water system. The second axis showed the salinity and the positive extremity, followed by nitrite, chlor and ammonium. The opposite extremity was cha ized by dissolved oxygen, phosphate and nitrate second axis reflected the influence of the seawa the estuary, in contrast to the freshwater environm
The understanding of the distribution of th ables was clearer when the distribution of the
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at the positive extremity of axis 1. By contrast, station #8 was plotted at the negative extremity. It represents the Itajaí Mirim River, which presented the worst set of values with high concentrations of nutrients and organic matter, and low values of dissolved oxygen. The other stations of the Itajaí estuary were ordered between these 2 extremes, which reflects the variation in limnological conditions due to the activities carried out in the basin. In this context, it is important to note that station #9F, which corresponds to the samples at the bottom of the Lower Estuary, was positioned on the positive side of the axis showing the improvement in the indicators as a result of the entry of the seawater. The second axis showed the separation of the sample stations based on salinity. The stations of the Lower and Middle Estuary of the Itajaí River were positioned at the positive extremity, being influenced by salinity and pH. Stations #1 and #2 were positioned at the opposite extremity, forming the Fluvial Extremity group in the cluster analysis, and stations #3, #5 and #6 correspond to the Upper Estuary. The spatial characterization of the Itajaí-Açú River estuary showed that the estuary presents a change in the water quality indicators due to the marine influence and the influence of the urban centers. Multivariate analyses show that the system was compartmentalized in two main groups: the portion without direct influence of salinity (#1 to #6) and the stations influenced by salinity (#7 and #9). The region without the influence of salinity showed a decrease in water quality due to the influence of the town of Blumenau, which results in the compartmentalization of stations #1 and #2, located upstream from the town, and #3, #5 and #6, located downstream. In the stations influenced by salinity (#7 and #9), particularly the station closest to the mouth of the estuary (#9), the effect of dispersion/dilution resulted by the entry of the seawater at the extremity of the estuary tended to minimize.
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